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Heterotopic Thyroid Tissues in Fishes, ill. Extrapharyngeal

Thyroid Tissue in Montezuma Swordtails,

a Guppy and a Cherry Barb
1

K. France Baker 2

Department of Zoology, Columbia University,

& Genetics Laboratory, New York Zoological Society

(Plate I; Text-figure 1)

HETEROTOPIC (or extrapharyngeal)

thyroid tissue in platyfish ( Xiphophorus

macu lat us) , in the form of thyroid tu-

mors in the kidneys and of normal thyroid tissue

in many organs, was recently described (Baker et

al, 1955; Baker, 1958a, b). Such tissue proved

to be common in several inbred laboratory

strains of this species. Chavin (1956) reported

the frequent occurrence of typical thyroid fol-

licles in the kidneys of normal goldfish ( Caras

-

sius auratus), and occasional heterotopic thy-

roid tissue has been reported in experimentally-

treated guppies ( Lebistes reticulatus) by Hop-

per (1952), Vivien & Ruhland-Gaiser (1954)

and Pflugfelder (1956). Earlier, displaced thy-

roid tissues were noted in goitrous specimens of

hatchery-raised brook trout (Salvelinus fontin-

alis) by Marine & Lenhart (1911) and Gaylord

& Marsh (1912), and in rainbow trout ( Salmo

gairdneri) by Leger (1925) . All of the instances

of displaced thyroid tissue in guppies and trout

cited were regarded as being metastases of

pharyngeal thyroid tumors or goiters.

The development of normal and goitrous

heterotopic thyroid tissue in laboratory - bred
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strains of platyfish was shown by Baker (1958b)

to be dependent on the concentration of iodine

in the aquarium water. Under the lack of iodine,

normal heterotopic thyroid tissue appeared early

in the lives of these platyfish, and later gave rise

to tumors in the kidneys, spleen and other or-

gans. The heterotopic thyroid tissue in platyfish

was regarded as derived from the pharyngeal

thyroid tissue by a migration of individual cells

or follicles, which was stimulated by iodine de-

ficiency.

Iodine level was also shown to be extremely

important in the development of pharyngeal

goiter in laboratory-raised Montezuma sword-

tails ( Xiphophorus montezumae) by Berg,

Gordon & Gorbman (1954). Pharyngeal thy-

roid tumors in these fish were first reported by

Gorbman & Gordon (1951), and it was found

that up to 100% of the Montezumas developed

thyroid tumors by the age of 6-12 months (Berg,

Edgar & Gordon, 1953). While these observa-

tions were being made, the swordtails in ques-

tion were living in the same laboratory environ-

ment as the platyfish which later were found to

produce heterotopic thyroid tumors ( Baker et al,

1955; Baker, 1958a).'

It thus became of interest to discover whether

thyroid tissue in Montezuma swordtails was as

widely spread in the body as in the platyfish

studied, and whether heterotopic thyroid tissue,

if present, formed extrapharyngeal thyroid tu-

mors in concert with the pharyngeal thyroid tu-

mors. If tumors of renal thyroid were formed,

their development was necessarily less than in the

platyfish, as these tumors in platyfish caused a

tremendous swelling of the body and this symp-

133



134 Zoologica: New York Zoological Society [44: 9

tom was not commonly seen among the sword-

tails.

The question also was raised as to whether

heterotopic thyroid tissue was commonly to be

found in fish, especially normal freshwater tele-

osts living under conditions were iodine was

deficient. With this in mind, individual speci-

mens of the guppy and the cherry barb ( Barbus

titteya) which were brought to our attention

received careful examination and are described

in this report. A specimen of Xiphophorus xiphi-

dium which was afflicted with both a thyroid

tumor in the kidneys and a melanoma will be

described separately (Gordon, Alexander and

Baker, unpublished).

Materials and Methods

1 . Fish Studied and Laboratory Conditions.—

Twenty-one adult Montezuma swordtails were

examined in this study. Six of these fish were

swollen and were examined for renal thyroid tu-

mors. Their age was not known, but it was in ex-

cess of a year. The remaining 15 fish were normal

in appearance and were selected at random from

the breeding colony to be examined for hetero-

topic thyroid. Their ages ranged from 9 to ap-

proximately 33 months.

These Montezuma swordtails were all de-

scendants of wild fish captured in the Rio Axtla,

Mexico, in 1939, by Dr. Myron Gordon (Gorb-

man& Gordon, 1951 ) . The wild fish were close-

ly inbred in the laboratory and the original stock

was divided into several sublines.

The Montezuma swordtails were maintained

in the laboratory side by side with strains of

platyfish which developed large amounts of ex-

trapharyngeal thyroid tissue. Several analyses

made of the laboratory aquarium water showed
that it contained much less iodine (0.5 jng/1—

Berg, Gordon & Gorbman, 1954; 0.8 and 1.0

/xg/1— Baker, 1958a) than a water sample taken

from the Rio Axtla (3.3 /xg/1— Berg, Gordon &
Gorbman, 1954) . NewYork City tap water con-

tained 2.3 /xg/1 of iodine (Berg, Gordon &
Gorbman, 1954) and the laboratory water was
believed to have been depleted of iodine from
its original state by reuse and the turnover of

plants, snails and fish for a period of several

years (Berg, Gordon & Gorbman, 1954).

The guppy described here was a mature preg-

nant female of unknown age, which had been
used in an experiment in the Department of

Fishes of the American Museum of Natural
History. The conditions under which it had lived

are unknown. It was obtained in the form of a

completed serial section from Miss Priscilla

Rasquin, of the Department of Fishes.

The cherry barb came from a home aquarium,

whose water was not analyzed. The fish was of

unknown age and its sex was not determined.

2. Histological Methods and Radioautogra-

phy.— All fish examined (except the guppy) were

fixed in Bouin’s fluid, containing formic acid as

a decalcifier, embedded in paraffin and sectioned

serially at 10 /x. The sections were stained for

histological examination with hematoxylin-eosin.

Radioautographs, using tracer doses of I 131

for the detection of thyroid tissue, were carried

out as previously described (Baker, 1958a).

Eleven of the 21 Montezuma swordtails studied

were radioautographed.

Results

1. Montezuma Swordtails.— Only one of the six

swollen Montezumas proved to have a thyroid

tumor in its kidneys, although such tumors were

the commoncause of similar symptoms in platy-

fish (Baker et al, 1955). The enlarged kidneys

found in the remaining five fish resulted from

glomerular cysts; no thyroid tissue occurred in

the kidneys of three of them (Table 1). In the

two which had some thyroid tissue in their kid-

neys, this consisted of scattered follicles which

by no means could be classed as a tumor. Two
of the five fish with cystic glomeruli were radio-

autographed with I 131
: one had renal thyroid

tissue, the other lacked it.

Nine of the 15 normal Montezumas exam-

ined were radioautographed. Although 14 of

these fish had pharyngeal thyroid tumors, rang-

ing in development from loose hyperplasia to

very large dense growths with gill invasion, only

five had thyroid tissue in the kidneys (Table 1).

In no case could this tissue be regarded as a

tumor. Although the renal thyroid cells were

hypertrophied and colloid was sparse, the cells

formed only scattered individual follicles or

small clusters of follicles, never large masses.

These features made this thyroid tissue resem-

ble that found in the hearts of platyfish which

had thyroid tumors in their kidneys (Baker et

al, 1955).

Heterotopic thyroid tissue in organs other

than the kidneys seemed to be rare in Monte-

zuma swordtails. None was found in the heart

of any of the radioautographed fish— in which

it would most readily have been noted. The
chorioid glands of six fish were examined, but

only one had thyroid tissue in that organ. This

fish was a pregnant female which also had renal

thyroid follicles. The spleen of none of these

fish was examined.

The thyroids of embryos contained in the

pregnant female autographed strongly, but no
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Table 1. Incidence of Renal Thyroid and Its Degree of Development, as Compared with
Pharyngeal Thyroid, in Inbred Montezuma Swordtails

A. Fish with enlarged kidneys 1

Subline
Total

Examined

Number
with Renal
Thyroid

Degree of

Renal Thyroid
Development

Degree of

Pharyngeal Thyroid

Development

35 1 0 0 Slight hyperplasia

38 1 0 0 Thyroid tumor
43 3 2 Scattered

follicles

Hyperplastic

Unknown 1 1 Thyroid tumor Large thyroid tumor

B. Fish appearing normal

Subline
Total

Examined

Average
Age
(months)

Number
with Renal
Thyroid

Degree of

Renal Thyroid
Development

Degree of

Pharyngeal Thyroid

Development

35 11 12.5 2 Scattered, hyper-

trophied follicles

Small to medium-
sized tumors—

1 normal
38 4 32 3 Small thyroid

masses

Large thyroid

tumors

FThe swollen kidneys in the five fish which had little or no thyroid tissue in their kidneys proved to be the

result of cystic glomeruli.

other parts of the embryos or yolk did so. This

was similar to the results obtained on embryonic

platyfish (Baker, 1958a).

In summary, only one Montezuma swordtail

was found to have a true tumor of thyroid tissue

in the kidneys. This tumor was similar to those

found in the kidneys of platyfish. Only 35% of

the adult Montezumas had thyroid tissue in their

kidneys, in contrast to 94% of the normal BH
platyfish of the same ages living under similar

conditions. No significant difference was appar-

ent between different sublines of Montezuma
swordtails, with respect to the development of

heterotopic thyroid tissue. Those differences

seen in Table I seem related only to age (see

Baker, 1958a).

2. Guppy—The serial sections of this fish were

given to the author because it was known that

thyroid follicles were present in the spleen. Fur-

ther examination of the slides revealed no thy-

roid tissue in the kidneys or heart. The eyes

had been removed, so that the chorioid gland

could not be examined. Pharyngeal thyroid fol-

licles were numerous, but quiescent (PI. I, fig.

1), and no follicles occurred, in the gills. In the

spleen the follicles were very numerous and

they resembled the ones in the pharyngeal area

(PI. I, fig. 2). Close to the spleen, among the

pancreatic tissue, thyroid follicles also occurred.

Some of these were tubular in shape, but their

epithelium and colloid was like that of the fol-

licles in the spleen and pharynx. The occurrence

of thyroid tissue in the spleen without the con-

current occupation of the kidneys by this tissue

was strikingly different from the distribution of

the heterotopic thyroid tissue found in platyfish

(Baker, 1958a).

3. Cherry Barb—This fish’s body was very

swollen, but it had no externally visible enlarge-

ment of the pharyngeal thyroid. Serial sections

revealed tumorous thyroid tissue in both phar-

ynx and kidneys. The pharyngeal tumor was

made up of a large solid mass of both follicular

and afollicular tissue (PI. I, fig. 3). The follicles,

although their cells were much hypertrophied,

contained large amounts of colloid, which was

extensively vacuolated at the cell surface. The
nuclei of the cells were distal to the colloid, and

were more basophilic and smaller than the nuclei

of the thyroid tumor cells in platyfish (Baker

et al, 1955). Thyroid follicles were numerous in

the gills, appearing in chains along the branchial

blood vessels (PI. I, fig. 4). Thyroid follicles

were also numerous in the connective tissue

above the pseudobranch and pharynx, and on
the surface of blood vessels entering the pseudo-

branch. In the pericardial cavity, thyroid follicles

occurred in groups around the bulbus arteriosus

and on the surface of the ventricle. No thyroid

tissue was found inside the heart or in the eye.

The kidney tumor of the cherry barb, as

in the platyfish renal thyroid tumors, formed
large cysts (PI. I, fig. 6), which were the chief

cause of the abdominal distension. In the cherry
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barb the kidney tumor consisted chiefly of col-

loid-laden follicles, resembling those in its

pharyngeal area (PI. I, figs. 5, 6), but in the

platyfish the tumors were largely without colloid.

In the barb, thyroid tissue also occurred in the

mesenteries and connective tissue around the

gut, a location never found to be occupied by

thyroid tissue in platyfish.

Discussion

The results reported here support the hypothe-

sis that in fish, or at least in freshwater teleosts.
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Text— fig. 1. Variation in Thyroidal Development in Xiphophorin Fishes. Normal thyroid tissue is repre-

sented by open circles. Goitrous thyroid tissue is represented by diagonally shaded masses.

A. Platyfish of strain 30. This strain has never been observed to develop any type of thyroid tumor.

B. Platyfish of strain BH. A high frequency of thyroid tumors involving the kidneys, and to a lesser extent,

the pharyngeal thyroid tissue, occurred in this strain.

C. Montezuma swordtail. A very high frequency of pharyngeal thyroid tumors occurred in this species.

Although thyroid tissue was found in the kidneys of some of these fish, a thyroid tumor in the kid-

neys like those found in the strain BH platyfish was found only once among the stock.

Key: C, chorioid gland; A, auricle; V, ventricle; S, sinus venosus; K, kidney; L, liver; T, stomach; G, gall

bladder; P, pancreas; D, spleen; I, intestine B, air bladder.

thyroid tissue may often be found in areas other

than the pharyngeal one. To date, such tissue has

been found in specimens of eight species of

freshwater fish, representing six genera. All of

these were fish raised in captivity, and the speci-

mens of the three species of Xiphophorus were

raised in water known to have a very low iodine

content, compared with that of native waters.

Indirect evidence indicates that extrapharyngeal

thyroid tissue may occur in wild specimens of a

species of freshwater teleost native to the Amer-
ican “goiter belt,” the Great Lakes region. This

inference was made by Baker (1958a) from a

peculiarity in the iodine metabolism of Fundulus
diaphanus, as reported by Gorbman & Berg

(1955), and it receives some support from re-

ports of the common occurrence of pharyngeal

goiter in wild fish from the Great Lakes (Marine
& Lenhart, 1910). Weconclude that scarcity of

iodine may lead to the appearance of heterotopic

thyroid tissue in freshwater teleosts, in either the

domesticated or wild state.

The results set forth here, however, as well

as those previously described by Baker (1958a),

show that great differences in the response of

thyroid tissue to environments that are very simi-

lar with respect to iodine and other known fac-

tors may occur between different species of fish,

or between different strains of a single species.

Among strains of platyfish, for example, the 30

strain never produced any thyroid tumors, either

pharyngeal or heterotopic, although normal renal

thyroid tissue was found in 36% of the adult fish

examined. A closely related offshoot from the

same wild-caught ancestors, strain 163, did pro-

duce thyroid tumors in the kidneys. Two long-

domesticated strains of platyfish, BH and Fu,

produced an abundance of very large thyroid

tumors in the kidneys, and all BHstrain fish had

thyroid tissue in their kidneys by the age of one
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year. None of the platyfish strains produced large

thyroid tumors in the throat, regardless of the

state of their kidneys. On the other hand, Mont-

ezuma swordtails proved to have a high incidence

of very large pharyngeal thyroid tumors, but

very little extrapharyngeal thyroid tissue; that

is, about the same amount as in the strain 30

platyfish.

Thus, three variations of thyroidal develop-

ment have been found in xiphophorin fishes liv-

ing in an environment poor in iodine (Text-fig.

1 ) : ( 1 ) heterotopic thyroid, but no tumors pres-

ent; (2) tumors of both pharyngeal and hetero-

topic thyroid present; and (3) tumors of pharyn-

geal thyroid present but without heterotopic

thyroid becoming hyperplastic. The develop-

ment of tumors in the pharynx and other loca-

tions was never found to be equal. In platyfish,

thyroid kidney tumors became large and lethal,

while the thyroid in the throat was only moder-

ately goitrous; in the Montezumas, the pharyn-

geal tumors became massive, obstructing the

gills, while thyroid tissue in the kidneys was

scarcely noticeable.

As all these xiphophorin fish stocks were

raised in the same laboratory, sharing a more or

less common pool of tank water, plants and

snails, and were fed the same diet and subjected

to the same conditions of temperature and light,

it is assumed that the only consistent source of

group differences must be genetic. This was borne

out by the persistence of the characteristic group

patterns for many generations.

An attempt was made to analyze genetic fac-

tors responsible for the differences between the

thyroidal responses of the 30 and BH strains of

platyfish. Fi and F2 hybrids between these strains

were raised and the incidence of renal thyroid

tumor in each generation was compared with

that of the parent stocks. The results supported a

hypothesis that several genes were involved in

the production of the tumors (Baker, 1958a).

The limited data on Montezuma swordtails

presented here give no indication that genetic

differences occur between strains in the produc-

tion of heterotopic thyroid tissue. Strain differ-

ences were found, however, in pharyngeal thy-

roid tumor development in these fish by Berg,

Edgar & Gordon (1953). It was suggested that

increasing homozygosity of multiple factors was

responsible for enhanced thyroid tumor devel-

opment in the most inbred strain. The strains of

Montezuma swordtails have not been subjected

to further genetical analysis for factors affecting

thyroid development.

Summary

1.

Adult Montezuma swordtails of several in-

bred laboratory strains were examined for the

presence of heterotopic thyroid tissue. Although

all these fish had pharyngeal thyroid tumors,

only 35% of them had any thyroid tissue in the

kidneys, and this tissue was never abundant.

Thyroid tissue was rarely found in heterotopic

locations other than the kidneys.

2. Only one Montezuma swordtail was ever

found to have a thyroid tumor in its kidneys.

3. The Montezumas may be contrasted with

the BHstrain of platyfish, in which 100% of the

fish had thyroid in their kidneys by the age of a

year, and in which this tissue frequently devel-

oped into large tumors. Both the Montezumas

and BHplatyfish lived in similar environments in

which iodine was known to be in low concen-

tration.

4. Heterotopic thyroid tissue, in normal and

tumorous conditions, is described in specimens

of the guppy and the cherry barb.

5. It is suggested that heterotopic thyroid tis-

sue may be common in freshwater teleosts living

in iodine-poor environments.
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Addendum

While this paper was in proof, Dr. Madeleine

Olivereau reported (personal communication)

the occurrence of thyroid follicles in the kidneys

of an individual of Typhlogarra widdowsoni, a

blind cave cyprinid fish from Iraq. In this fish,

which proved to have pharyngeal thyroid

“adenoma,” both hypertrophied and normal

thyroid follicles occurred in the kidneys. In this

it resembled the cherry barb described in this

paper. The Typhlogarra had been maintained for

three years in the laboratory, under light and

temperature conditions simulating those of the

environment of original capture. Other blind

cave fish, from Ethiopia, kept under the same

conditions for two years, failed to exhibit thy-
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roid hypertrophy. I believe it remains possible

that the Typhlogarra was more sensitive to low-

ered iodine intake, or that its normal require-

ment for iodine exceeded that of the other cave

fish.

Dr. Olivereau’s observations will be published

in the near future.
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EXPLANATION OF THE PLATE
Plate I

Fig. 1. Pharyngeal area of a guppy, showing nor-

mal thyroid follicles around the ventral

aorta. X 140.

Fig. 2. Thyroid follicles in the spleen of the same

guppy. These follicles are morphologi-

cally similar to those in the pharyngeal

area. X 140.

Fig. 3. Thyroid tumor in the pharyngeal area of

a cherry barb. The ventral aorta is at the

bottom left. X 130.

Fig. 4. Thyroid follicles along the branchial

blood vessels of the same fish. None were
found to be inside these vessels. X 300.

Fig. 5. Thyroid tumor in the kidney of the same
cherry barb, showing a kidney tubule sur-

rounded by thyroid follicles and cells.

X 280.

Fig. 6. Thyroid follicles and cysts composing the

thyroid tumor in the kidney of the cherry

barb. No kidney tissue is visible in this

photograph. X 130.


